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Description 
TECHNICAL FIELD 
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10001, -preser—a^ 

a multiple access scbeme, using a mutt,*arner ™«"» aed a multi-carrie. CDMA 

riXappaTs^ ■ — — — 

affected by frequency selective fading. 

BACKGROUND ART 

trontes, information and Communication Engineers, Tech n>cal Report IE\ CE R CS99 ^30 p.63 70. Oct 

verrtional multi-carrier CDMA receiving apparatus ("receiver ) interleaver, 503 denotes a 

[0004] in Fig. 34, reference symbol T^S^Z^Te^Z denote first, sec- 

serial/parallel conversion section (hereinafter, referred to as S/P), 51 oa.: aiuo * £ 512 

- SsHSs^ssS SSSS5 
r^o,:^ 

«1 nh and 51 0c resDectively. Since the same signal processing is performed in the first to tne Nscg in suu rarer 
SS2ftJJ^S?M3. The frame ereatlon seotton 5,1 nrstdMdes th. 

ma low. sequence (pilot symbol) at the top thetaot, to thataby genetate the data frame of a sub earner group |l ). 
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The copy section 51 2 copies the received data frame by the number of a predetermined sub-carrier number Nsub to 
generate data frames for sub-carriers (1, 1) to (1, Nsub). The information modulation section 513 executes QPSK 
modulation individually with respect to the data frames by the received number of sub-carriers to thereby generate 
modulation signals for the sub-carriers (1, 1) to (1, Nsub). The frequency spreading section 514 performs frequency 
spreading for each terminal or for each other channel to be transmitted, using modulation signals by the f received 
number of sub-carriers and frequency spreading codes orthogonal to each other which has been given beforehand. 
This frequency spreading is realized by multiplying the modulation signals of the received number of sub-earners by 
a frequency spreading codes C (1 , 1 ) to C(1 , Nsub) (each code is expressed by ±1 ). As the frequency spreading code, 

Walsch code, being an orthogonal code, is normally used. 

[00121 The multiplexing section 504a generates a multiplexing signal by multiplexing similar signals by the number 
of sub-carriers from other users, with respect to the received signals by the number of sub-carriers after the frequency 

[0013] The inverse Fourier transform section 505 uses sub-carrier signals of the number of Nscg x Nsub obtained 
by the multiplexing sections 504a, 504b and 504c, to perform inverse Fourier transform processing. 
[00141 The guard interval adding section 506 copies the rear part of the symbol in the signal after inverse Fourier 
transform by the time x G1 , and sticks the copied part to the top of the symbol. Fig. 38 is a diagram which shows the 
processing in the guard interval adding section 506. t gi is normally set so as to become larger than the delayed wave 
expanse T d on the transmission line shown in Fig. 37. 

[001 51 Finally, the frequency transform section 507 multiplies the signal after adding the guard .nterval by a carrier 
wave signal in the output of a frequency oscillator (not shown), and executes bandwidth limiting, using a band-pass 
filter (not shown), to thereby generate a transmission signal. The transmission signal is then output to the transmission 
line via the antenna 508. Fig. 39 is a diagram which shows the transmission signal expressed on a frequency axis. 
[00161 On the other hand, the receiver receives the transmission signal affected by the frequency selective fading 
or the like, via the antenna 601 . The frequency transform section 602 performs bandwidth limiting by means of a band- 
pass filter (not shown) with respect to the input signal, and then multiplies the signal after performmg the bandwidth 
limiting by a signal synchronous to the carrier wave frequency output by the frequency synthesizer (not shown). The 
multiplied signal is subjected to wave filtering by a low-pass filter (not shown) so that only a low frequency component 
is output as a signal after frequency translation. 

[00171 The guard interval (Gl) removal section 603 outputs a signal in which the guard interval is removed and each 
symbol is continuously connected to each other. The Fourier transform section 604 having received the signal in which 
the guard interval has been removed performs the Fourier transform processing, to thereby output sub-camer signals 
bv the number of Nscg x Nsub. Each sub-carrier signal is transmitted to the first, the second, ... , and the Nscg-th sub- 
carrier group modulation processing sections 610a, 610b and 610c, respectively, in order to perform demodulation 
processing for each sub-carrier group. In the first, the second and the Nscg-th sub-carrier group demodulat.cn process- 
ing sections 61 Oa, 61 Ob and 61 Oc, the same signal processing is performed. Therefore, only the operation of the first 
sub-carrier group demodulation processing section 610a will be explained herein, and explanation for the other sub- 
carrier group demodulation processing sections is omitted. 

[00181 The sub-carrier group demodulation processing section 610a receives the first sub-carrier signals by the 
number of Nsub, and the frequency despreading section 61 1 multiplies the sub-carrier signals by the number of Nsub 
by an individually allocated spreading code, to thereby perform inverse spreading. 

[0019] The synchronization detector 612 which has received each sub-carrier signal after frequency despreading 
uses the known sequence symbol added for each frame to estimate the transmission line to thereby perform synchro- 
nization detection. That is to say, the synchronization detector 61 2 synchronously adds the known sequence symbols 
by the number of Npilot in the frame, to thereby calculate a transmission line estimate value for each sub-camer. The 
synchronization detector 612 then calculates a complex conjugate and an absolute value of the calculation results, 
and divides the complex conjugate by the absolute value, to thereby extract a phase component for each sub-carrier. 
Finally, the synchronization detector 61 2 multiplies the sub-carrier signal after the frequency despreading by the phase 
component for each sub-carrier, to perform synchronization detection. 

[0020] The combining section 613 adds all the received sub-carrier signals after the synchronization detection to 
calculate the first sub-carrier group signal. 

[0021] The P/S 605 receives the sub-carrier group signals from all the sub-carrier group demodulation processing 
sections and converts these signals to serial signals. The serial signals are written in the lateral direction in the dein- 
terleaver 606 which has blocks having a longitudinal size of Nr (predetermined integer) and a lateral size of Nc (pre- 
determined integer), and read out in the longitudinal direction. 

[0022] Finally, the Viterbi decoder 607 performs known Viteroi decoding with respect to the received signal after 
rearrangement. 

[0023] As described above, in the conventional multi-carrier CDMA communication apparatus, even if the amplitude 
and the phase of the receiving wave is affected by the frequency selective fading which varies at random, an excellent 
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bit e rror rate characteristic is obtained by setting the guard interval so that the expanse of the delayed wave is fitted 

teristic cannot be obtained. delaved wave is larger than the preceding wave, the 

adap*»ly, depending on the appUoation to "^fi^'^l^nS depending on the Into-matlon 

transmission line, thereby causing a problem in that the «^^M«^mo^ 
*> [0028] Moreover, transmission power control ,s from the base station. 

selective fading differs largely in each sub-earner. 
DISCLOSURE OF THE INVENTION 
[00341 lnamu.«-carrierCDMAcommunicafe^ 

£r-£oii:^ 



4 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



EP 1 221 778 A1 

ra te o, error corrects number of sub-carne^, ^^SS "ot^e 'S^ST. £ 
frequency spreading code, frequency^ spread.n ' ^ 

spreading code and time spread.ng code, s.gn* ™ d ^*°£ un *J 'erfornVf requency spreading for each sub-carrier 
to sub-carrier group modulation process.ng sections 6a to &:) which and time spread units for the 

signal of each channel constituting a sub-earner group *Z»*<^£££^£ spreading sections 10a to 
number of sub-carrier groups (corresponding to mutt.plex.ng sections ^ n r ^'™ ^ fo ? each sub -carrier 
100, which muttipiexai, the signals after ^^^^^^!^^S^ ^ 

frequency despreading for each sub-carrier signal after the , time ' ^J^"* tjo s - , ^atfon unit 

[0036] in the multi-carrier CDMA commun.cat.on a pparatus tc , a ; ^^^^fra^^^,^ 
Lmp/ises a frame creation unit (corresponding to a frame the cations, a copy untt (cor- 

cm* with respect to eech su l«etrie, signal efte, the <"»»^*?* l ^ a neM ,„„.„„„„ me ^ , 0 „„ «, the 
p.*, ,„ tee -W* CD MA a = f - ^ ^ e^ peC XteimMeo^me „o*«. 

hierarchical relationship between frequency spread.ng codes. . , nven t to n the signal demodulation 

version, based on the known sequence added to the data frame, calculates an awoi we iahts the sub- 

an output; a synthesizing unit (correspond, ng to a .combmmg . "^^^^^ value the sub . carrier group 

adding all tne suD-camer & .g ther e bv ae nerate a sub-carrier group signal after path combining. 

S TtTm^^ to a next invention, the signal demodu.a«on 

l f„it S m «rises Tftea7encv despreading unit which performs frequency despreading in a unit of the sub-earner s.gnal, 

transmission line estimation for each sub-carrier signa, after the frequency 
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5 



~> tr. the riata frame calcu lates an absolute value and a complex 
inverse conversion, based on the known ^"^^^SSeTUugate by the absolute value, weights 
conjugate of the transmission line estimat.cn ^'^^^l^eSmaL an interference power for each 
the sub-carrier signal by the normalization sequence, and divides the sub-carrier 

sub-carrier signal after the frequency inverse converswnl based ' °;* e ^* erat ^ s aslgnalfortne sub^arrler group 
signal after weighting by the interference ^^^Z^ ^llne^es an absolute value for the sub- 
by adding all the sub-carrier signals after ^J^^CSSwio unit which multiplies the sub-carrier group 
carrier group by adding all the ^ 

signal corresponding to each path by the ^solute value of the resp« 5 y application results, 
generate a sub-carrier group signal after ^^tl^rTngXo a next invention, the signal demodulation 
[0043] in the multi-carrier CDMA commun.cat.on apparatus accoramg > h S ub-carrier signal; 

unit comprises, a frequency despreading unitwh,ch r^SZZtZtZS^ signal after the frequency 
a synchronization detector which performs * ansm,ss ^ frame calculates a complex conjugate of the 

inverse conversion, based on the known sequence added tc th \f^^ m ^ e , conjugate, and lastly removes an 
transmission line estimation results weights ^^^^^^1^^^ which generates a s«na.for 
interference component from the sub-earner s gnah after W Wng. a syjn 9 and h syntne sizing unit 

[OMfl 6 KemuSSrier CDMA communication apparatus ^^^^^^^^^^^^^^^Z^tor^ 
signal modulation units (corresponding to each sub-carrier rignri of 

number of sub-carrier groups, wh.ch perform JSSdSidBon. and the receiver comprises signal 

each channel constituting a sub-earner group based on a ^ a ^'"^., ^301 ato303c)forthe number 
dem«Julationunlts(correspondingtosub-carr«rgro^ 

of sub-carrier groups, which perform time invention, the transmitter comprises, 

[0045] In the multi-carrier CDMA commun.cat.on a code rate of error correction, 

L setting unit (corresponding to a data/modulator ' ^^j^3n£^ oTfrequency spreading code, 
number of sub^arrier groups, frequency spread ng rate ™^ J "^^.^^ngcode and time sprang 
frequency spreading code, time sp read.ng , '^^^^Z^ processing sections 282a to 284c) 
code; and signal modulation units (corresponding to sub-carrier group m s _ H r „ dina for each sub-carrier signal 

Renumber of sub-carrier groups which P« rfo ™ fre < uen ^ 

groups, which perform time despreading and frequency des P re ^ n 9 invention the signal modulation unit 

?0046] In the multi-carrier CDMA communication apparatus ^Z^mSZSm frame information and 
LpLs, a frame creation unit which creates date frair^ ^^^^ZSZi^ for the number of 
data, for each sub-carrier group based on the ^ndtfons ^a copy unn ^wn.c g modu , a tion processing with 

sub-carriers, by copying the data frame, an spreading with respect to each 

rr^a^ 

^^emu,^™^ 

code rate of error correction, based on anj^ 1 ST£S£Z£»Z allocated, at the time of setting the 
code rate of error correction, based on an input signal power to f*«°™™^ r ™x™ at tne tlme of setting the 

a plurality of frequency spreading codes in the same sub-c ^rnej group. , nvention> ^ setting unit sets the 

[0049] in the multi^arrter CDMA communication n ^^^ r ^^ ^T^mitted from the recefcer, 
code rate of error correction, based on an W^^^^^^^ed, at the time of setting the 

f™r;::r^ 
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by reducing the frequency spreading rate, and even in this condition, when there is still no frequency spreading code 
nor time spreading code to be allocated, the setting unit ensures an allocatable frequency spreading code, by ensuring 
a plurality of frequency spreading codes in the same sub-carrier group, and even in this condition, when there is still 
no frequency spreading code nor time spreading code to be allocated, the setting unit ensures an allocatable frequency 
5 spreading code and time spreading code, by ensuring a plurality of frequency spreading codes in the same sub-carrier 
group, and increasing the number of multiplexes of the time spreading code. 

[0050] In the multi-carrier CDMA communication apparatus according to a next invention, the setting unit sets the 
code rate of error correction, based on an input signal power to interference power ratio transmitted from the receiver, 
and when there is no frequency spreading code nor time spreading code to be allocated, at the time of setting the 

10 frequency spreading code and time spreading code, the setting unit ensures an allocatable frequency spreading code 
by reducing the frequency spreading rate, and even in this condition, when there is still no frequency spreading code 
nor time spreading code to be allocated, the setting unit ensures an allocatable frequency spreading code, by ensuring 
a plurality of frequency spreading codes in the same sub-carrier group, and even in this condition, when there is still 
no frequency spreading code nor time spreading code to be allocated, the setting unit ensures an allocatable frequency 

15 spreading code and time spreading code, by ensuring a plurality of frequency spreading codes in the same sub-carrier 
group, and decreasing the time spreading rate. 

[0051] In the multi-carrier CDMA communication apparatus according to a next invention, the signal demodulation 
unit comprises, a time despreading unit (corresponding to a time despreading section 311) which performs time de- 
spreading for each sub-carrier signal; a frequency despreading unit which performs frequency despreading for each 

20 sub-carrier signal; a synchronization detector which performs transmission line estimation for each sub-carrier signal 
after the frequency inverse conversion, based on the known sequence added to the data frame, calculates an absolute 
value and a complex conjugate of the transmission line estimation results, normalizes the complex conjugate by the 
absolute value, weights the sub-carrier signal by the normalization result, and outputs the absolute value and the sub- 
carrier signal after weighting as an output; a synthesizing unit which generates a signal for the sub-carrier group by 

25 adding all the sub-carrier signals after weighting, and synthesizes an absolute value for the sub-carrier group by adding 
all the absolute values; and a path synthesizing unit which multiplies the sub-carrier group signal corresponding to 
each path by the absolute value of the respectively corresponding sub-carrier group, to thereby generate a sub-carrier 
group signal after path combining, by adding all the multiplication results. 

[0052] In the multi-carrier CDMA communication apparatus according to a next invention, the signal demodulation 
30 unit comprises, a time despreading unit which performs time despreading for each sub-carrier signal; a frequency 
despreading unit which performs frequency despreading for each sub-carrier signal; a synchronization detector which 
performs transmission line estimation for each sub-carrier signal after the frequency inverse conversion, based on the 
known sequence added to the data frame, calculates a complex conjugate of the transmission line estimation results, 
weights the sub-carrier signal by the complex conjugate, and outputs the sub-carrier signal after weighting as an output; 
35 a synthesizing unit which generates a signal for the sub-carrier group by adding all the sub-carrier signals after weight- 
ing; and a path synthesizing unit which adds ail the sub-carrier group signals corresponding to each path, to thereby 
generate a sub-carrier group signal after path combining. 

[0053] In the multi-carrier CDMA communication apparatus according to a next invention, the signal demodulation 
unit comprises, a time despreading unit which performs time despreading for each sub-carrier signal; a frequency 

40 despreading unit which performs frequency despreading in a unit of the sub-carrier signal; a synchronization detector 
which performs transmission line estimation for each sub-carrier signal after the frequency inverse conversion, based 
on the known sequence added to the data frame, calculates an absolute value and a complex conjugate of the trans- 
mission line estimation results, normalizes the complex conjugate by the absolute value, weights the sub-carrier signal 
by the normalization result, and on the other hand, estimates an interference power for each sub-carrier signal after 

45 the frequency inverse conversion based on the known sequence, and divides the sub-carrier signal after weighting by 
the interference power; a synthesizing unit which generates a signal for the sub-carrier group by adding all the sub- 
carrier signals after synchronization detection, and generates an absolute value for the sub-carrier group by adding 
all the absolute values; and a path synthesizing unit which multiplies the sub-carrier group signal corresponding to 
each path by the absolute value of the respectively corresponding sub-carrier group, to thereby generate a sub-carrier 

50 group signal after path combining, by adding all the multiplication results. 

[0054] In the multi-carrier CDMA communication apparatus according to a next invention, the signal demodulation 
unit comprises, a time despreading unit which performs time despreading for each sub-carrier signal; a frequency 
despreading unit which performs frequency despreading in a unit of the sub-carrier signal; a synchronization detector 
which performs transmission line estimation for each sub-carrier signal after the frequency inverse conversion, based 

55 on the known sequence added to the data frame, calculates a complex conjugate of the transmission line estimation 
results, weights the sub-carrier signal by the complex conjugate, and on the other hand, estimates an interference 
power for each sub-carrier signal after the frequency inverse conversion based on the known sequence, and divides 
the sub-carrier signal after weighting by the interference power; a synthesizing unit which generates a signal for the 
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sub-carrier group by adding all the sub-carrier signals after synchronization detection; and a path synthesizing unit 
which adds all the sub-carrier group signals corresponding to each path, to thereby generate a sub-carrier group signal 
after the path combining. 

[0055] A multi-carrier CDMA transmitter according to a next invention comprises signal modulation units for the 
5 number of sub-carrier groups, which perform frequency spreading for each sub-carrier signal of each channel consti- 
tuting a sub-carrier group, based on a predetermined condition, and time spread units for the number of sub-carrier 
groups, which multiplex all the signals after the modulation processing and the frequency spreading for each sub- 
carrier signal, and perform time spreading with respect to the multiplexed signals for each sub-carrier signal. 
[0056] A multi-carrier CDMA transmitter according to a next invention comprises a setting unit which sets a code 
10 rate of error correction, number of sub-carrier groups, frequency spreading rate, number of code multiplexes of fre- 
quency spreading code, frequency spreading code, time spreading rate, number of code multiplexes of time spreading 
code and time spreading code, signal modulation units for the number of sub-carrier groups which perform frequency 
spreading for each sub-carrier signal of each channel constituting a sub-carrier group, based on the set conditions, 
and time spread units for the number of sub-carrier groups, which multiplex all the signals after the modulation process- 
es ing and the frequency spreading for each sub-carrier signal, and perform time spreading with respect to the multiplexed 
signals for each sub-carrier signal. 

[0057] A multi-carrier CDMA transmitter according to a next invention comprises signal modulation units for the 
number of sub-carrier groups, which perform frequency spreading and time spreading for each sub-carrier signal of 
each channel constituting a sub-carrier group, based on a predetermined condition. 

20 [0058] A multi-carrier CDMA transmitter according to a next invention comprises a setting unit which sets a code 
rate of error correction, number of sub-carrier groups, frequency spreading rate, number of code multiplexes of fre- 
quency spreading code, frequency spreading code, time spreading rate, number of code multiplexes of time spreading 
code and time spreading code, and signal modulation units for the number of sub-carrier groups which perform fre- 
quency spreading and time spreading for each sub-carrier signal of each channel constituting a sub-carrier group, 

25 based on the set conditions. 

[0059] A multi-carrier CDMA receiver according to a next invention comprises time despreading units for the number 
of sub-carrier groups, which perform time despreading for each sub-carrier signal, and signal demodulation units for 
the number of sub-carrier groups, which perform frequency despreading for each sub-carrier signal after the time 
despreading. 

30 [0060] A multi-carrier CDMA receiver according to a next invention comprises signal demodulation units for the 
number of sub-carrier groups, which perform time despreading and frequency despreading for each sub-carrier signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 [0061] 

Fig. 1 is a diagram which shows the construction of a multi-carrier CDMA transmitter in a first embodiment; Fig. 2 
is a diagram which shows the construction of a multi-carrier CDMA receiver in a first embodiment; Fig. 3 is a 
diagram which shows a format of a transmission slot for each sub-carrier; Fig. 4 is a diagram which shows the 

40 construction of an interleaver; Fig 5 is a diagram which shows the construction of a frame creation section; Fig. 6 

is a diagram which shows the construction of a copy section; Fig. 7 is a diagram which shows the construction of 
an information modulation section; Fig. 8 is a diagram which shows the construction of a frequency spreading 
section; Fig. 9 is a diagram which shows the relation between a sub-carrier and a frequency spreading code group 
allocated for each sub-carrier; Fig . 1 0 is a diagram which shows one example of construction of frequency spread- 

45 ing code group; Fig. 1 1 is a diagram which shows the situation that the frequency spreading codes are hierarchically 

orthogonal to each other; Fig. 1 2 is a flowchart which shows a method of allocating the frequency spreading code; 
Fig. 13 is a diagram which shows the construction of a power control section; Fig. 14 is a diagram which shows 
the construction of a time spreading section; Fig. 15 is a diagram which shows the construction of a frequency 
transform section; Fig. 16 is a diagram which shows the construction of a frequency transform section; Fig. 17 is 

50 a diagram which shows the construction of a time despreading section; Fig. 18 is a diagram which shows the 

construction of a synchronization detector; Fig. 19 is a diagram which shows the construction of a combining 
section ; Fig. 20 is a diagram which shows the construction of a path combining section; Fig. 21 is a diagram which 
shows the construction of a deinterleaver; Fig. 22 is a diagram which shows the relation between a sub-carrier 
and a frequency spreading code group in a second embodiment; Fig. 23 is a diagram which shows the construction 

55 of a synchronization detector in a third embodiment; Fig. 24 is a diagram which shows the construction of a com- 

bining section in the third embodiment; Fig. 25 is a diagram which shows the construction of a path combining 
section in the third embodiment; Fig. 26 is a diagram which shows the construction of a synchronization detector 
in a fourth embodiment; Fig. 27 is a diagram which shows the construction of a synchronization detector in a fifth 
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embodiment- Fig 28 is a diagram which shows the construction of a transmitter in a sixth embodiment; Rg. 29 is 
. We^^showe the construction of a receiver in the sixth embodiment; Fig. 30 is a diagram which shows 
the Snsuuctto; of atime spreading section in the sixth embodiment; Fig. 31 is a flowchart which shows a method 
Ta^™^frw£y spreading code and a second time spreading code; Fig. 32 is a diagram which shows 
te of a tSL despreSding section in the sixth embodiment; Fig. 33 is a flowchart which shows a 
^^rS^a^auLie^f spreading code and a second time spreading code; Rg. 34 » a diagram which 
^^SS^^J^ -Ki-carrier CDMA transmitter; Fig. 35 is • -^^^^ 
instruction of a conventional multi-carrier CDMA receiver; Rg. 36 is a diagram ^ " 
Emission slot for each sub-carrier; Fig. 37 is a diagram which shows one example of an impulse response o 
aSenTselective fading transmission line; Fig. 38 is a diagram which shows the process.ng of a guard nterva. 
aSg section; and Fig. 39 is a diagram which shows a transmission signal expressed on a frequency axis. 

BEST MODE FOR CARRYING OUT THE INVENTION 

100621 Embodiments of the multi-carrier CDMA communication apparatus according to this invention will now be 
S^^^^tttt* accompanying drawings, it is a matter of course that this invention is not hmrted by 
those embodiments. 



First Embodiment 



[0063] Fig. 1 andFig.2arediagramswhtohshowthecon8trucf.onof *™ m ^^ D ^^™ n ^"^*^* r 
of thepresent invention in the fiTst embodiment. Fig. 1 is a diagram which shows the ^^Jl^^Z 
CDMA transmitter and Fig. 2 is a diagram which shows the construction of a multi-earner CDMA receiver in th* em 



So64r in Fig. 1, reference symbol 1 denotes a convolutions, coder, 2 denotes an interleave. 3 denotesa serial/ 
oaraMel conversion section (hereinafter, referred to as S/P), 4 denotes a data/modulation control section 5 denotes a 
^coTTSZS^. 6a, 6b, 6=, 7a. 7b, 7c, ... , 8a, 8b and 8c denote J'^^^^'^.S^ 
group modulation processing sections provided for each channel, 9a, 9 b and 9 c denote mul 

?0b and 10c denote time spreading sections, 11 denotes an inverse Fourier transform ^"-^ *^ a J^^ 
transform section 1 3 denotes an antenna, 21 denotes a frame creation section, 22 denotes a copy section, 23 denotes 
an To maS Adulation section, 24 denotes a frequency spreading section, and 25 denotes a power eonMedn. 
[0065] O In the other hand, in Fig. 2, reference symbol 31 denotes an antenna, 32 denotes a ^^aytanM 
Lection, 33 denotes a Fourier transform section. 34 denotes a sub-carrier selection sectoon 35a 35b an d 3 5c^enote 
first second, and Nscg-th sub-carrier group time despreading sections, 36a, 36b 36c, 37a, 37b, 37c . 38a, 38D 
and 38^ denote first second, and Nscg-th sub-carrier group demodulation processing sections provided for each mul- 
tiotexSanne 39 denotes a para.le.Seria. conversion section ("P/S"), 40 denotes an input signal quality information 
generation ^ sitton ^ denotes a deinterleaver. 42 denotes a Viterbi decoder. 43 denotes a data/demodulation confro. 
section 51 5?and 53 denote path demodulation processing sections for each path, 54 denotes a frequency despread- 
fng section! 55 denotes a synchronization detector, 56 denotes a combining section and 57 denotes a path comb.n.ng 

[See]"' Fig. 3 is a diagram which shows a format of a transmission slot for each sub-carrier. Thus the transmission 
slot comprises a pilot symbol portion (known sequence), a frame information portion and a data Portion. 
?006? Theoperationofthetransmitterandthe receiver will now be explained, ft is assumed here the date tiansfer 
"performed betweenabase station andap.ura.ity of terminals. Atfirst, the operation of the trans^ 
pS] At first, the convolutions coder 1 having received the transmission data with respect to an optiona. termmal 
performs convolution^ coding of the transmission signal, based on a "code rate ^n^ignar for setting the code 
rate of error correction according to the desired communication quality, which is transmitted from the data/modulation 

mo n 69]' ^The^erleaver 2 rearranges the convolution^ coding data. Rg. 4 is a diagram which shows the construction 
of the interleave 2. In this embodiment, for example, there are provided blocks having a •ongrtudinah » « NM£»- 
£ emYined integer) and a lateral size of Nc (predetermined integer), and as shown in Rg. 4, the coded data .s wntten 
?n1he7n^ and then read out in the lateral direction. As a result, the coded data is rearranged for each 

[0070] The S/P 3 receives the rearranged coded data, and a "set-point signal" for setting the number of sub-carrier 
orouos Nscg the frequency spreading rate Nsub, and the number of code multiplexes M on the frequency axis, which 
from^e data/modulation control section 4. The number of sub-carrier groups Nscg and the frequency 
Vea^gSe Zo take a value of not less than 1 and not larger than the number of all sub-carriers °" the frequency 
band The S/P 3 converts the rearranged coded data (serial signal) to a parallel signal corresponding to all channels 
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in each sub-carrier group. fta * n fie which individually correspond to M channels 

pari] The sub-carrier group modulation P^m^T ^v^e parole' signal the set-point signal to 
for the number of code multiplexes ,n each ^^f^J^SrC group modulation processing sections 
thereby performmodulation process.ng for each channel. In the is performed. Hence, the operation 

control section 4. M/ * s „„ ft a receives the first data sequence in the parallel signal, 

l0 072] The sub-carrier group modu.at.on ^^^^^^^^^ the construction of the frame 
to perform predetermined process.ng sh °^ e ^ w .^ '* £jE£ig section for each slot, 62 denotes a frame 
creation section 21. In Fig. 5, reference symbol 61 denotes^ The data dividing section for each slot 
information adding section and 63 denotes a known sequence "^^JJ^J ° a ^ ura|jty of data for one 
in the frame creation section 21 divides the data sequence ""^slot which mc^ ^y ^ 

slot (number of data bit Ndata) . The ^ J?*^ 

SESSKoJii *e 3- H- da» frame h «-»•£*'?•; 2" S; £ The cop, seCoh 22 copies the 
[00731 ng. 6 is . dtogram whip h <^»££££Z2£. »» havtoglhefreouencyspread- 
received data frame by the number ot sub-carriers ^ u0 'f*f™'"» ™ '„» da, frames tor the sub-carrier signals 
Inn rate output Iromthe data/modulation control section 4, to thereby gene'ate . °M frames 

W 71 , 72 and 73 denote QPSK modu^t.on se^ 
SU Fig. 8 * a diagram which shows the 

symbo.81 denotes a frequency spreading .code ^^^^^StSLtmu and frequency spreading 

jgna after the spread modulation is output herein to the power ^J*^™ ^p.ained Rg 9 is a diagram which 
10^761 The frequency spreading code used each sub'arrier, and 

shows the relation between a sub-earner and a ^"^^a Se^n^preadlng code group. In Fig. 9, there 
Rg. 10 is a diagram which shows one example of constructaon of^ a frequ e ™*W e ™ n * ^ P w js shown such 
is assumed that the number of all sub-carriers that can be used cjr ft. JJJ^TiiS the frequency spreading 
a relation that as the number of frequency spreading codes^ncreases the spread^rate ofthe eq y P 

spreading codes orthogonal to each other, such as C 4>1 1 = (1,1, 1.1). <V - (1. , V o, »h v ' ent a freqU ency 

SSSS." ^ omer. as sho»h to H» 10,.). <«• ^W^^SSESIS code. which la one 
equation (1), in the case of generalization. 
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[0078] When the frequency spreading code is used at the time of frequency spreading, after each element has been 
converted 1 to +1 0 to -1 , multiplication is performed with respect to the sub-carrier signal after information modulation. 
As is obvious f romequation (1 ) that, in the frequency spreading code, hierarchical orthogonal relationship is established 
under a specific constrained condition. 

[0079] Fig 1 1 is a diagram which shows the situation that the frequency spreading codes are hierarchically orthogonal 
to each other The frequency spreading code in which the orthogonal condition is concluded hierarchically is used for 
the frequency spreading code, thereby channel data having a plurality of frequency spreading rate can be transmitted 
under the specific constrained condition shown in Fig. 1 1 . When the frequency spreading rate is decreased, the number 
of sub-carrier groups increases, thereby enabling an increase in the transmission data speed. 
[0080] Fig 1 2 is a flowchart which shows a method of allocating the frequency spreading code in the data/modulation 
control section 4. For example, in the mobile station, the "input signal quality information" generated by using the input 
signal power to interference power ratio (SIR) is inserted in the frame to be transmitted to the base station, in order to 
keep the required quality of the transmission data. This input signal quality information is for requesting channel allo- 
cation Therefore, the data/modulation control section 4 having received the channel allocation request for ensuring a 
channel for transmission data from the mobile station (step S1 ) allocates a code rate based on this input signal quality 
information (step S2). That is, the data/modulation control section 4 sets a code rate of error correction by means of 
the convolution^ code based on the input signal quality information. When the reception condition of the mobile station 
is poor based on the input signal quality information, the code rate is set small, and when the reception condition thereof 
is excellent, the code rate is set large. 

[0081] The data/modulation control section 4 then allocates the same number of sub-carrier groups as the reciprocal 
of the code rate (step S3) as the first stage. For example, when the code rate is 1/2 and the frequency spreading rate 
is 4 two frequency spreading codes are selected one each from two frequency spreading code groups in the eight 

frequency spreading code groups C 4 \ C 4 2 C 4 a in Fig. 9. The frequency spreading code is selected so as not to 

be the same as the frequency spreading code occupied by another user and another channel. At this time, when the 
frequency spreading code can be ensured (step S4, Yes), the data/modulation control section 4 judges that setup is 
possible and determines allocation of the number of sub-carrier groups, the number of code multiplexes and the fre- 
quency spreading code (step S5). 

[0082] On the other hand, when the frequency spreading code cannot be ensured by the setting in the first stage 
(step S4, No), the data/modulation control section 4 allocates the frequency spreading code, while maintaining the 
transmission rate of the transmission data, as the second stage, and resets the frequency spreading rate in order to 
increase the usable number of sub-carrier groups. The frequency spreading rate of one or a plurality of sub-carrier 
groups which is set to be 4 is changed to 2, to double the number of sub-carrier groups which can be used in the same 
band, thereby ensuring the allocatable frequency spreading code (step S6). At this time, when the frequency spreading 
code can be ensured (step S7, Yes), the data/modulation control section 4 judges that setup is possible and determines 
allocation of the number of sub-carrier groups, the number of code multiplexes and the frequency spreading code (step 
S5). 
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too*] Whentnefrequencyspreadingc^^^^ 

data/modulation control section 4 allows to ensure a fJ^S^ 

group havingthefrequency spread,^ ^^^^^S^ lp^^ «" be ensured (step S9 
in the same sub-earner group (s ep S8). At *«^'^ tn J i ible y an S determines allocation of the number of 
Yes), the data/modulation control sect.on 4 judges thai _setup J^ss SDreadin g code (step S5). On the other hand, 
sub-carrier groups, the number of code multiplexes -^^Z^ZZon cont'ro. section 4 has faiied in 
if the frequency spreading code cannot be e ns " r ^ te J^ spreading code described above, the number 

from the first stage. tranemittPd as the information notified to the mobile station 

[0084] The frequency spreading code set in this manner .s transmrtted as the .nrarmai 

by means of the frame information (1) to (Nslot) in Fig^ 3 13 reference 

[0085] Fig. 13 is a diagram which shows the construct on 0 ^ e n P ° we ;~^° se S ^ ult - iplters 91 , 92, 93 to multiply 

symbols 91 92 93 denote multipliers. The power c^o^secton section 5 by the sub- 

the power control signal for each sub-carrier group ^^^^^^^^ ,evel of each sub-carrier 
carrier signals (1 , 1 ) to (1 , Nsub) after frequency ^f"^^^^^^^ on the input signal quality 

m=l^ — - - — — of input 



^^^^ e ^^z^^P^ » - — of — • These 

multiplexed signals are then output to the time s P readin 9/ TOt, ° n J 0 t . a m( , SDreadjna sec tion 10a. In Fig. 14, reference 
[0087] Fig. 14 is a diagram which shows the ^^^l^^^^^^e multipliers. The time 
symbol 101 denotes a time spreading code generation ^™'^^™^™ rs transmitt eo from the time 
spreading section 10a multiplies the t.me spreading ^jJ^S^ST^lL™ 102, 103 and 104, respectively, 
spreading code generation section 101 ^ e ^ it'is assumed that a peculiar 

to thereby perform time spreading for esc h u ^^"'^™ and the one having an excellent correlation 

code is allocated for each areata which the base station is going J^^^'^']^!^ a^ectoMjenerally used in communication, 
characteristic such as PN sequence is used The area ^^J^^^^JS^S^ spatially separated, 
or a transmission beam formed at the time of transm.ss.on fro* l £*Z**£%£^ of Ns £ x NsU b, obtained 
[0088] The inverse Fourier transform section 11 uses ^ the > ™*^ ^ , merse Fourier 

tinsform s«alon 12 mulapnestte signal altt. invars. gana°ata a transmission 

32 receives the transm.ss.on signal affected by frequency s «' e «'™' a ^ 16 refere nce symbol 121 denotes 

diagram which shows the construction of the frequency transfo^ 

only the low frequency component being wave-filtered by the towpass fitter 1 24. 

[0091] The Fourier transform section 33 performs Founer ^^^nZxTsuV^e sub-carrier selection 
— p^ssTng^hrespecttatheto^ 

[0092, The s^^ 1 ^ the information of the 

ulation from all sub-earner signals. Selection of the sub-carr er j,.gna. p. spre ading code transmitted 
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time despreading sections 35a, 35b and 35c. 

[0093] Fig. 1 7 is a diagram which shows the construction of the time despreading sections 35a, 35b and 35c. In Fig. 
1 7, reference symbol 1 31 denotes a time spreading code generation section, 1 32, 1 33 and 1 34 denote multipliers, and 
135, 136 and 137 denote integrate & dump ("I & D") sections. Each time despreading section provided for each sub- 
5 carrier group has the same construction and perform similar operation. Hence, only the operation of the time despread- 
ing section 35a in the first sub-carrier group will be explained herein. The time despreading section 35a multiplies Nsub 
sub-carrier signals in the first sub-carrier group by the time spreading code individually generated in the time spreading 
code generation section 131. At this time, the time spreading code takes a value of ±1. After multiplication, each I & 
D integrates the outputs of multipliers for each sub-carrier, respectively, by a symbol period, to thereby generate sub- 
to carrier signals (1 , 1 ) to (1 , Nsub) after the time despreading, while clearing the integral value. The sub-carrier signals 
after the time despreading are then output to the sub-carrier group demodulation processing sections 36a to 38a for 
the number of M code multiplexes. The information indicating that the number of code multiplexes is M is transmitted 
from the data/demodulation control section 34. 

[0094] The sub-carrier signals (1 , 1 ) to (1 , Nsub) after the time despreading are changed to multi-path waves due 

15 to the influence of delayed waves on the transmission line. For example, if the multi-path waves can be separated into 
P paths by the time despreading, the demodulation processing is performed in a unit of each path demodulation 
processing section 51 , 52, 53 for the number of P. The each path demodulation processing section performs the same 
demodulation processing, respectively. Hence, only the operation of the each path demodulation section 51 with respect 
to the first path will be explained herein, and explanation for the operation of other each path demodulation processing 

20 sections with respect to the second to the P-th path is omitted. 

[0095] At first, the frequency despreading section 54 multiplies sub-carrier signals (1 , 1 ) to (1 , Nsub) for the first path 
by the frequency spreading code, to thereby perform frequency despreading. The sub-carrier signals (1 , 1 ) to (1 1 Nsub) 
after the frequency despreading are output to the synchronization detector 55. The frequency spreading code is set 
by the data/demodulation control section 34. 

25 [0096] Fig. 18 is a diagram which shows the construction of the synchronization detector 55. In Fig. 18, reference 
symbols 141, 151 and 161 denote transmission line estimation sections, 143, 153 and 163 denote absolute value 
calculation sections, 1 44, 1 54 and 1 64 denote analog dividers, and 1 45, 1 55 and 1 65 denote multipliers. The synchro- 
nization detector 55 receives sub-carrier signals (1, 1) to (1, Nsub) after the frequency despreading, and performs 
synchronization detection, using the known sequence added for each slot in the frame. The synchronization detector 

30 outputs the sub-carrier signals (1 , 1 ) to (1 , Nsub) after synchronization detection and the absolute value calculation 
result of the sub-carrier signals (1 , 1 ) to (1 , Nsub) to the combining section 56. 

[0097] The transmission line estimation sections 1 41 , 1 51 and 1 61 synchronously adds the known sequence symbols 
for the number of Npilofs added for each slot in the frame, to calculate the transmission line estimate value individually. 
These transmission line estimation results are then output to the complex conjugate calculation sections 142, 152 and 

35 1 62, and the absolute value calculation sections 1 43, 1 53 and 1 63, respectively. Each complex conjugate calculation 
section calculates the complex conjugate of the transmission line estimation result, respectively, and each absolute 
value calculation section calculates the absolute value of the transmission line estimation result, respectively. The 
analog dividers 1 44, 1 54 and 1 64 divide the individually received complex conjugate by the corresponding absolute 
value, to extract a phase component necessary for performing synchronization detection for each sub-carrier. The 

40 multipliers 1 45, 1 55 and 1 65 then multiply the sub-carrier signals (1 , 1 ) to (1 , Nsub) after the frequency despreading 
by the phase component. 

[0098] Fig. 1 9 is a diagram which shows the construction of the combining section 56. In Fig. 1 9, reference symbols 
1 71 and 1 72 denote adders. In the combining section 56, the adder 1 71 adds all sub-carrier signals (1 , 1 ) to (1 , Nsub) 
after synchronization detection, to calculate a sub-carrier group (1 ) signal corresponding to the first path. On the other 

45 hand, the adder 172 adds all absolute value calculation results of each sub-carrier signal, to calculate the absolute 
value of the sub-carrier group (1) signal corresponding to the first path. Thereafter, the sub-carrier group (1) signal 
corresponding to the f irst path and the absolute value calculation result of the sub-carrier group (1 ) signal corresponding 
to the first path are output to the path combining section 57, together with the output of the each path demodulation 
processing section corresponding to other (P-1) paths. 

50 [0099] Fig. 20 is a diagram which shows the construction of the path combining section 57. In Fig. 20, reference 
symbols 181, 182 and 183 denote multipliers, and 184 denotes an adder . The path combining section 57 multiplies 
the sub-carrier group (1) signal corresponding to P paths by the absolute value calculation result of the sub-carrier 
group (1 ) signal corresponding to the first path. The adder 184 then adds P multiplication results, and outputs the sub- 
carrier group (1 ) signal after path combining. The output of the path combining section 57 becomes the output of the 

55 sub-carrier group demodulation processing section 36a corresponding to the first channel in the first sub-carrier group, 
and is output to the P/S 39 together with the outputs of the sub-carrier group demodulation processing sections 37a 
and 38a corresponding to the other second to M-th channels in the first sub-carrier group. Similarly, the outputs of the 
sub-carrier group demodulation processing sections corresponding to the second to the M-th channels in the second 
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45 



50 



to the Nscg-th sub^arrier groups from a „ the sub-carrier group demodulation processing 

[0100] The P/S 39 receives the sub-earner group »*"^J™ m ^ serja , s - ls are written in the lateral direction 

Control section 43 judges the frame .nformafon portion ,n Bg. 3 f ™ ^ 0 p frame information , the code rate 

signal quality information generation sechon ^^^^^sTng sections in all the suborner group 
frame in the sub-carrier s.gnaUrom each of the pa* £^ .> Qmatkin generation sec tion 40 calculates an 
demodulation process.ng sections. Further We ^nput : *g Qf ^ knQwn sequen ce porton. 

input signal power to interference powe for each sub-carrier group and between all 
The obtained input signal power tc > the target S.R set as a reference 
channels, paths and sub-carriers. The SIR for each . suD J^ ,e " « _ infor mation (1 ) to (Nslot) from the base station, 
value which can maintain the input signal qualrty, based on J-^JJJSSi the target SIR, it is judged as "1 -. and 
respectively. At this time, when the SIRfor each a S " b ;^^^^ as "0". This judgment result is 

when the SIR for each sub-carrier group .s smaller han *• station to the base station, so as to be notified to 
inserted in the transmission frame to be transmrtted f ram the ° tne control section 5. 

the base station, and be used for generating •^ c ^2^ Jtt JSS-I. multiplexed for each sub- 
[0 103] in this embodiment, the construction^ and ita ££^iJwIi2 the number of channel multiplexes in all 
carrier group have been explained. However rt "/^J*^^ " be used for each sub-carrier group, 
sub-carrier groups is M, and a different number of ^^^SSSS^ *«" < he base station te aff6Cted bV 
[0104] As described above, in this 9 ^r B "i^^^^^lJlle^ wave is large, spreading in the 
requency selective fading on the transm.ss.on .ne, and »n the frequency direction. Further, 

time direction is effected by allocating a spreadmg ^^TZ^Z^X^J^to effective* utilize 
path diversity in which paths ^are separated by ^^^^S^l intenience power ratio (SIR)) can 

sub-carrier signal can be performed. +„„* m \**\*n cneed and code rate, the number of sub- 

[0106] Channels are allocated according to the information ra "^^^ on the information 

LrriJ groups and the number of sub-caniersin^ 

transmission speed, and the frequency spread.ng ' «"J2lS!^2SSt the fiw^icy spnndliio cod. ateoWl 
'[oToTAt the «me of recep«on, spreading * P--f ^ 

spreading codes different in sectors or cells can be "■^^^ h SSS^Md on the transmission line, 
or cells, without interrupting the communicate and wthout chang ^JJJSJS , n each sutH:arn er, the trans- 
[0108] Even when the degree of influence of frequency selecttve s - al power on the base 



55 Second Embodiment: 
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eoda arrangad on M ^nc, ax* ia M On,, M portion ol«a,.n« -rom M - « — — . - b. 

,a 9r ann «n, ? ano„s >ne = ^ 
ai.oea.ad lor aacn sub-oamar. In th> seccM •^°^^^J^ M ^ l , m orthogonality and htorarcMoal 
ood.IMtoGMd.oMh ''^^^'^^^"^JSshown in Fig. 10 ar. periodically allooa.ad, 
ralaUonahip M~on the Iraquenoy spreading "*;,^° n ~^™ tlS^ncy spreading oodes snown in Fig. 9. 
whii. keeping .no orthogonamy ^S^^^S^S^^Ll embodiment can be obtained, and 

order determined beforehand. 
Third Embodiment 

10113] A muK-carrier CDMA communication apparatus in the ^^^S^ ttSZSZ 

ESJa. reference symbols 191 ,194 and detector 55 

complex conjugate calculation sections, * ^£ spreading and performs synchronization detection, 

STetor^re^ 

Sals 6 ™ Nsub) after synchronization — the Known se- 

[0115] Specific^, the ^f^^^JS^^ -me to caJate the transmission line estimate 
quence symbols for the number of Nprtofs addedfo ea ^'^ e ^ n ' ^ to the ^mpto* conjugate calculation 
value individually. These transmission line estimat on rwu ^ ® r ®;^"^^ oncakMla t esthe complex conjugate 
sections 192, 195 and 198, respectively. Each compto '^^S^^^SL multiply the sub-carrier 
of the transmission line estimation result, respectively The ^^'^J^l* * This multiplication result is herein 
signa,s(1,l)to(1Nsub)af2rth^^^ 

output to the combining section 56 as the sub-carrier signa. oui*w » sec ti 0 n 56 in the third embodiment. In 

[0116] Fig. 24 is a diagram which shows the u « 10 " of ^^ 

F,g. 24, reference symbo. 201 denotes .n-*Mn ^^^S'^^^ corresponding to the first 

(1 , 1 ) to (1 , Nsub) after **"*>™^"^ fe output to the path combining section 

path. Thereafter, the sub-carrier group (1 ) s.gna. corre^^ 

57, together with the output of the each path demodulation seSon 57 in the third embodiment. 

[0117] Fig. 25 is a diagram which shows the construction of the Pf^?^^^?* _ dder 211 adds ^ sub- 
In Rg 1 25, ?eference symbo, 211 denotes an adder. In ^^^^^^l^ combining, 
carrier group (1) signals corresponding to P| f^^S^^^^ V**-** 
The output of the path combining section 57 becomes *e outpirt 9 P to the p/s 39 together with 

section 36a corresponding to the f irst channel m the first T^ZSS^JSiSi ^ responding to the other second 
the outputs of the sub-carrier group demodulation p^ 

i since the synthesizing processing of the sub-carrier s.gn als r^^^^^ 9S ^ yalM estimated by the 
each sub-carrier signal can be performed. 



5 Fourth Embodiment 
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detector 55 of the receiver are different. Only the portion different from that of the first embodiment will be explained 
herein. 

[01 20] Fig. 26 is a diagram which shows the construction of the synchronization detector 55 in the fourth embodiment. 

In Fig. 26, reference symbols 221, 231 and 241 denote interference quantity estimation sections, and 222, 232 and 
5 242 denote analog dividers. The synchronization detector 55 receives sub-carrier signals (1 , 1) to (1 , Nsub) after the 

inverse spreading, and performs synchronization detection, using the Known sequence added for each slot in the frame. 

The synchronization detector outputs the sub-carrier signals (1, 1) to (1, Nsub) after synchronization detection, and 

the absolute value calculation result of the sub-carrier signals (1 , 1 ) to (1 , Nsub) to the combining section 56. 

[0121] Specifically, the transmission line estimation sections 141, 151 and 161 synchronously adds the known se- 
tt? quence symbols for the number of Npilofs added for each slot in the frame, for each sub-carrier signal (1, 1) to (1, 

Nsub), to calculate the transmission line estimate value individually. 

[01 22] The interference quantity estimation sections 221 , 231 and 241 observe the known sequence symbols through 
several symbols or several slots, using the Npifot known sequence symbols added for each slot in the frame of the 
sub-carrier signals (1 , 1) to (1, Nsub) after the frequency despreading, and calculates a distribution value to thereby 

15 calculate an interference power value. 

[01 23] These transmission line estimation results are then output to the complex conjugate calculation sections 1 42, 
152 and 162, and the absolute value calculation sections 143, 153 and 163, respectively. Each complex conjugate 
calculation section calculates the complex conjugate of the transmission line estimation result, respectively, and each 
absolute value calculation section calculates the absolute value of the transmission line estimation result, respectively. 

20 The analog dividers 1 44, 1 54 and 1 64 divide the individually received complex conjugate by the corresponding absolute 
value, to extract a phase component necessary for performing synchronization detection for each sub-carrier. The 
multipliers 145, 155 and 165 then multiply the sub-carrier signals (1, 1) to (1, Nsub) after the frequency despreading 
by the phase component. 

[0124] Finally, the analog dividers 222, 232 and 242 divide the outputs of the multipliers 145, 155 and 165 by the 

25 previously calculated interference power value, respectively. 

[0125] Thus, in the fourth embodiment, the same effects as those of the first embodiment can be obtained, and 
further, since the synthesizing processing and the path combining are performed, based on the signal level and the 
interference quantity of the sub-carrier signal in the sub-carrier group, after performing the synchronization detection 
based on the transmission line estimate value estimated by the known pilot sequence for each sub-carrier signal, path 

30 diversity combining according to the input signal quality of each sub-carrier signal can be performed. 

Fifth Embodiment 

[01 26] A multi-carrier CDMA communication apparatus in the fifth embodiment has the same construction as that of 
35 the first embodiment, with the exception that the internal construction and the operation of the synchronization detector 

55 of the receiver are different. Only the portion different from that of the first embodiment will be explained herein. 

[0127] Fig. 27 is a diagram which shows the construction of the synchronization detector 55 in the fifth embodiment. 

In Fig. 27, reference symbols 251, 261 and 271 denote interference quantity estimation sections, and 252, 262 and 

272 denote analog dividers. The synchronization detector 55 receives sub-carrier signals (1, 1) to (1, Nsub) after the 
40 inverse spreading, and performs synchronization detection, using the known sequence added for each slot in the frame. 

The synchronization detector outputs the sub-carrier signals (1 , 1 ) to (1 , Nsub) after synchronization detection to the 

combining section 56. 

[0128] Specifically, the transmission line estimation sections 191, 194 and 197 synchronously adds the known se- 
quence symbols for the number of Npilofs added for each slot in the frame, for each sub-carrier signal (1, 1) to (1, 

45 Nsub), to calculate the transmission line estimate value individually. 

[01 29] The interference quantity estimation sections 251 , 261 and 271 observe the known sequence symbols through 
several symbols or several slots, using the Npilot known sequence symbols added for each slot in the frame of the 
sub-carrier signals (1 , 1 ) to (1 , Nsub) after the frequency despreading, and calculates a distribution value to thereby 
calculate an interference power value. 

50 [0130] These transmission line estimation results are then output to the complex conjugate calculation sections 192, 
1 95 and 1 98, respectively. Each complex conjugate calculation section calculates the complex conjugate of the trans- 
mission line estimation result, respectively. The multipliers 193, 196 and 199 then multiply the sub-carrier signals (1 , 
1 ) to (1 , Nsub) after the frequency despreading by the complex conjugate. 

[0131] Finally, the analog dividers 252, 262 and 272 divide the outputs of the multipliers 193, 196 and 199 by the 
55 previously calculated interference power value, respectively. 

[0132] Thus, in the fifth embodiment, the same effects as those of the first embodiment can be obtained, and further, 
since the synthesizing processing and the path combining are performed, based on the signal level and the interference 
quantity of the sub-carrier signal in the sub-carrier group, after performing the synchronization detection based on the 
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combining according to the in 
Sixth Embodiment 
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[01M1 A tnulthoame, CDMA «Mi T^^^^^^STSSSS^ 
otjf,ra,.mbo<,i,nen,.w»the.x~^ 

jesses ^Vrr r«:rs te ™ n OT «.r ,„ M - «— — . - * » 

[0134] F.g. 28 Is a diagram wh.ch shows the const ruction ^oi me 283fa 2g4a 284b 

sssr ™ — issezes. — — — - ■» * -* «•——»'*» 

and Fig. 29. The operation ol the transmute, "^2^,00 h'me spreading section 291 In the sixth embodiment. 
(01 37] Rg. 30 is a diagram whir* shows m ■J""™*"' JJ" oo^Tneratin seotion. 322, 323 and 324 denote 
In Fig. 30. retetenoe symbol 321 denotes a Brat omet W™*2tonZrfon. ana » 327 „j 328 denote moltipliets. 
multipliers. 325 denotes a seoond time ..^"S^. 9 ™^^ M , between sub-camera transmitted tram 
The time spreading section 291 muWM •*•<""•■£ ^^S^rTEnU (1 . 1 ) to (1. Nsub) after power control. 

r rr:r;r==r ^p=g ^ *~ — ~— 

code generation section 325 by the output of sub-earner signals , o ^ e ^ for examp , e , Hadamard- 

d«7o«~^ 

^"^whioh shows a ^^XlXoX^m^onL*^- 
spreading code in the data/modulation control sect.on 281 . J^J^JJ ^ . erated by using the input signal 
transmission data, the mobile station insert the ^^^^^^ transmitted to the base station, 
power to interference power rat^ 

Therefore, the data/modulation confro. sector ' » 1 J^J ^^onmte input signal quality information (step S22). 

the code rate is set large. allocates the same number of sub-carrier groups as the recip- 

[01401 The data/modulation control sect on 281 then ^« the sa . ^ and the seC ond time spreading code 
rocal of the code rate (step S23) as the first stage The fluency JP^drng ^ ^ ^ 

spreading code and the •^^^^^^^^ code cannot be ensured 
[0141] On the other hand, when ^ ue "^^ 

by the setting in the first stage (step S24, No). Hied* a/modu «»" « second stag e, and resets the frequency 

code, while maintaining the transmission rate of t^mMn **^^J^ en * s ^ as f mg rate is decreased 
spreading rateinordertoincreasetheusablenu^ V @ ^ a|locatable 

to increase the number of sub-carrier groups which ca n b • «*lnth^ »me^ • ^ ensUfed ( S27> 
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of sub-carrier groups, the number of code multiplexes of the frequency spreading code and the second time spreading 
code, and the frequency spreading code and the second time spreading code (step S25). 

[0142] When the frequency spreading code and the second time spreading code cannot be ensured by the setting 
in the second stage (step S27, No), the data/modulation control section 281 allows to ensure a plurality of frequency 
spreading codes in the same sub-carrier group, as the third stage, and resets the frequency spreading code for mul- 
tiplexing in the same sub-carrier group (step S28). At this time, when the frequency spreading code can be ensured 
(step S29, Yes), the data/modulation control section 281 judges that setup is possible and determines allocation of the 
number of sub-carrier groups, the number of code multiplexes of the frequency spreading code and the second time 
spreading code, and the frequency spreading code and the second time spreading code (step S25). 
[0143] if the frequency spreading code and the second time spreading code cannot be ensured in the third stage 
(step S29, No), the data/modulation control section 281 ensures a plurality of frequency spreading codes in the same 
sub-carrier group as the fourth stage, and further increases the number of multiplexes of the time spreading codes for 
multiplexing on the time axis (step S30). At this time, if the frequency spreading code and the second time spreading 
code can be ensured, (step S31, Yes), the data/modulation control section 281 judges that setup is possible and 
determines allocation of the number of sub-carrier groups, the number of code multiplexes of the frequency spreading 
code and the second time spreading code, and the frequency spreading code and the second time spreading code 
(step S25). On the other hand, if the frequency spreading code and the second time spreading code cannot be ensured 
(step S31 , No), the data/modulation control section 281 has failed in channel allocation (step S32). 
[01 44] The frequency spreading code and the second time spreading code set in this manner are transmitted as the 
information to be notified to the mobile station, by the frame information (1) to (Nslot) in Fig. 3, in the same manner as 
in the first embodiment. 

[0145] The operation of the receiver will be explained next. Fig. 32 is a diagram which shows the construction of the 
time despreading section 291 in the sixth embodiment. In Fig. 32, reference symbol 331 denotes a second time spread- 
ing code generation section, 332, 333, 334, 336, 337 and 338 denote multipliers, 335 denotes a first time spreading 
code generation section, and 339, 340 and 341 denote I & D's. The time despreading section 291 multiplies each sub- 
carrier signal by the second time spreading code individually generated in the second time spreading code generation 
section 331, based on the second time spreading code information transmitted from the data/demodulation control 
section 312. The time despreading section 291 then multiplies the outputs from the multipliers 332, 333 and 334 by 
the first time spreading code individually generated in the first time spreading code generation section 335, based on 
the first time spreading code information transmitted from the data/demodulation control section 31 2. After multiplica- 
tion, each I & D integrates the output of the multiplier in each sub-carrier by a symbol period, respectively, to thereby 
generate sub-carrier signals (1, 1) to (1, Nsub) after time despreading, while clearing the integral value. 
[0146] In the sixth embodiment, in Fig. 28, explanation is given for the case in which time spreading is performed by 
the time spreading section 291 after the transmission power control by means of the power control section 25: However, 
the transmission power control may be performed by the power control section 25 after the time spreading by the time 
spreading section 291 . 

[01 47] Thus, in the sixth embodiment, the same effects as those of the first to the fifth embodiments can be obtained, 
and further, since the frequency spreading code and the time spreading code are allocated for each user or each 
channel to be used, the channel capacity can be increased, and as a result the frequency efficiency can be increased. 

Seventh Embodiment 

[0148] A multi-carrier CDMA communication apparatus in the seventh embodiment has the same construction as 
that of the sixth embodiment, with the exception that the method of allocating the frequency spreading code and the 
second time spreading code is different. Only the portion different from the first embodiment and the sixth embodiment 
will be explained. 

[0149] Fig. 33 is a flowchart which shows the method of allocating the frequency spreading code and the second 
time spreading code. For example, in the fourth stage in the sixth embodiment, the number of code multiplexes of the 
second time spreading code is increased. In the fourth stage in this embodiment, however, the number of code multi- 
plexes of the second time spreading code is not increased. Instead, at the time of forming a frame in the frame creation 
section 21 , for example, the symbol speed of the data symbol is doubled, to thereby reduce the time spreading rate 
of the second time spreading code to 1/2, so that the signal band of the sub-carrier signal is not changed, and the 
orthogonality of the different time spreading codes in the same sub-carrier group does not collapse (step S41). 
[0150] In the seventh embodiment, explanation has been given for the case in which the time spreading rate of the 
second time spreading code is reduced to 1/2, but the present invention is not limited to this case, and for example, 
the degree of reduction of time spreading rate may have a different value. 

[0151] Thus, in the seventh embodiment, the same effects as those of the first to the fifth embodiments can be 
obtained, and further, since the frequency spreading code and the time spreading code can be allocated for each user 
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or each channel to be used, without increasing the number of code multiplexes of the time spreading code, the channel 
capacity can be increased, and as a result, the frequency efficiency can be increased. 
[01 52] As described above, according to the present invention, even if the transmission signal from the base station 
is affected by frequency selective fading on the transmission line, and the expanse of the delayed wave is large, 
5 spreading in the time direction is effected by allocating a spreading code, together with spreading in the frequency 
direction. Further, paths are separated by using the path cracking ability of the delayed wave, and path diversity which 
effectively utilizes the delayed wave is used. Therefore, the input signal quality can be increased. As a result, there is 
the effect that a multi-carrier CDMA communication apparatus, which can suppress the influence of interference in the 
symbol, and realize excellent bit error rate characteristic, can be obtained. Further, according to the present invention, 
io spreading is performed both in the frequency direction and the time direction, at the time of reception, and time spread- 
ing codes different in sectors or cells can be used. As a result, there is the effect that a multi-carrier CDMA communi- 
cation apparatus, which can execute soft hand-over, without interrupting the communication and without changing the 
frequency used on the transmission line, can be obtained. 

[0153] According to the next invention, even if the degree of influence of frequency selective fading differs largely 
15 for each sub-carrier, the transmission power control information inserted in the frame is used to control the transmission 
signal power on the base station side, so that the input signal quality becomes the same in each sub-carrier group. As 
a result, there is the effect that the input signal quality can be kept constant in each sub-carrier group, while reducing 
the interference quantity. 

[0154] According to the next invention, channels are allocated according to the information transmission speed and 
20 code rate, and the frequency spreading code is hierarchically allocated for each sub-carrier group. Therefore, the 
frequency spreading rate can be made variable, while maintaining the state that the frequency spreading code allocated 
for each user or for each channel to be used is orthogonal to each other. Thereby, there is the effect that the frequency 
efficiency can be increased. 

[0155] According to the next invention, since the frequency spreading code is allocated, with a predetermined fre- 
25 quency interval, even if the sub-carrier signal power drops due to frequency selective fading, a decrease in the signal 
power for each sub-carrier group can be suppressed. As a result, there is the effect that the frequency diversity effect 
can be increased. 

[0156] According to the next invention, after synchronization detection in which phase compensation is performed 
for each sub-carrier signal has been performed using a known pilot sequence, the path combining is performed ac- 

30 cording to the signal level of the sub-carrier signal in the sub-carrier group. As a result, there is the effect that path 
diversity combining according to the input signal quality of each sub-carrier signal can be performed. 
[0157] According to the next invention, since the synthesizing processing of the sub-carrier signals in the sub-carrier 
group and the path combining are performed, after performing the synchronization detection based on the transmission 
line estimate value estimated by the known pilot sequence for each sub-carrier signal, there is the effect that path 

35 diversity combining according to the input signal quality of each sub-carrier signal can be performed. 

[0158] According to the next invention, since the synthesizing processing and the path combining are performed, 
based on the signal level and the interference quantity of the sub-carrier signal in the sub-carrier group, after performing 
the synchronization detection based on the transmission line estimate value estimated by the known pilot sequence 
for each sub-carrier signal, there is the effect that path diversity combining according to the input signal quality of each 

40 sub-carrier signal can be performed. 

[0159] According to the next invention, since the synthesizing processing and the path combining are performed, 
based on the signal level and the interference quantity of the sub-carrier signal in the sub-carrier group, after performing 
the synchronization detection based on the transmission line estimate value estimated by the knownpitot sequence 
for each sub-carrier signal, there is the effect that path diversity combining according to the input signal quality of each 

45 sub-carrier signal can be performed. 

[0160] According to the next invention, even if the transmission signal from the base station is affected by frequency 
selective fading on the transmission line, and the expanse of the delayed wave is large, spreading in the time direction 
is effected by allocating a spreading code, together with spreading in the frequency direction. Further, paths are sep- 
arated by using the path cracking ability of the delayed wave, and path diversity which effectively utilizes the delayed 

so wave is used. Therefore, the input signal quality can be increased. As a result, there is the effect that a multi-carrier 
CDMA communication apparatus, which can suppress the influence of interference in the symbol, and realize excellent 
bit error rate characteristic, can be obtained. Further, according to the present invention, spreading is performed both 
in the frequency direction and the time direction, at the time of reception, and time spreading codes different in sectors 
or cells can be used. As a result, there is the effect that a multi-carrier CDMA communication apparatus, which can 

55 execute soft hand-over, without interrupting the communication and without changing the frequency used on the trans- 
mission line, can be obtained. 

[0161] According to the next invention, even if the degree of influence of frequency selective fading differs largely 
for each sub-carrier, the transmission power control information inserted in the frame is used to control the transmission 
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that the frequency efficiency can be •"«•«•?■ rMU _ ncv SDrea ding code and the time spreading code are allocated 
[0163] According to the next ^^■«^* et J^^^SwSSr of code multiplexes of the time spreading 
lor each user or each channel to be used, without increasing the number co P efficiency can be 

code, the channel capacity can be mcreased, and as a result, there 

increased. WotI __ rfot *»rtion in which phase compensation is performed 

[0164] According to the next invention after sy nch ™'^ n n d ^^^^ combining is performed ac- 

tor each sub-carrier signal has been P"*?™*^ ■ t Toup ^ a result, there is the effect that path 
cording to the signal level of the sub-earner s.gnal ^J^^T^^ can be performed, 
diversity combining according to the input s,gnal ^^^^Z ^s^carr^t signals in the sub-carrier 
[0165] According to the next invention, s.nce me sy J h ^*'^ P "^^ detectton base d on the transmission 
group andthe path combining are performed, after ^^^SS^SS there is the effect that path 
line estimate value estimated by the known prist carrieTsignal can be performed, 

diversity combining according to the input path combining are performed, 

[0166] According to the nextinvent.cn, since the ^f'^ 
Led on the signal level and the interference quant,ty of t^^^ 

based on the signal level and the interference quantity or me su * estimated by the knownpilot sequence 

selective fading on the transm.ss.on l.ne, and the e *P^° T ™!° and the time spread unit allocates a spreading 

Llectlve fading oa the emission line, » d ^"^^X Setter S spreading in «te .n.quenoy 
£T ■mS-SISKSESSSE^-- - cons^lnceaeelde 

s^s^^^^ — - 

can considerably increase the input signal .SSirial ^m the base station is affected by frequency 

[0171] According to the next invent-on, even rf the tnnsmms on si , demo dulatton unit 

input signal quality can be obtained. 

INDUSTRIAL APPLICABILITY 

[01721 *s deseed adave. ,He 
. ^theimatear-to CDMAreceW« ^^"^^"^^^dand are usetulfo, obtaining excellent 
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Claims 

1 . A multi-carrier CDMA communication apparatus comprising a transmitter and a receiver which perform transfer of 
data, using a multi-carrier CDMA method, 

said transmitter having 

signal modulation units for the number of sub-carrier groups, which perform frequency spreading for each 
sub-carrier signal of each channel constituting a sub-carrier group, based on a predetermined condition; and 

time spreading units for the number of sub-carrier groups, which multiplex all signals after the modulation 
processing and the frequency spreading for each sub-carrier signal, and perform time spreading with respect to 
the multiplexed signals for each sub-carrier signal, and 

said receiver having 

time despreading units for the number of sub-carrier groups, which perform time despreading for each sub- 
carrier signal; and 

signal demodulation units for the number of sub-carrier groups, which perform frequency despreading for 
each sub-carrier signal after the time despreading. 

2. A multi-carrier CDMA communication apparatus comprising a transmitter and a receiver which perform transfer of 
data, using a multi-carrier CDMA method, 

said transmitter having 

a setting unit which sets a code rate of error correction, number of sub-carrier groups, frequency spreading 
rate, number of code multiplexes of frequency spreading code, frequency spreading code, time spreading rate, 
number of code multiplexes of time spreading code and time spreading code; 

signal modulation units for the number of sub-carrier groups which perform frequency spreading for each 
sub-carrier signal of each channel constituting a sub-carrier group, based on the set conditions; and 

time spreading units for the number of sub-carrier groups, which multiplex all the signals after the modulation 
processing and the frequency spreading for each sub-carrier signal, and perform time spreading with respect to 
the multiplexed signals for each sub-carrier signal, and 

said receiver having 

time despreading units for the number of sub-carrier groups, which perform time despreading for each sub- 
carrier signal; and 

signal demodulation units for the number of sub-carrier groups, which perform frequency despreading for 
each sub-carrier signal after the time despreading. 

3. The multi-carrier CDMA communication apparatus according to any one of claims 1 and 2, said signal modulation 
unit comprising: 

a frame creation unit which creates data frames comprising a known sequence, frame information and data, 
for each sub-carrier group based on said conditions; 

a copy unit which generates data frames by the number of sub-carriers, by copying the data frame; 
an information modulation unit which performs modulation processing with respect to the each data frame; 
a frequency spreading unit which performs frequency spreading with respect to each sub-carrier signal after 
modulation, based on said conditions; and 

a power control unit which performs transmission power control with respect to each sub-carrier signal after 
the frequency spreading. 

4. The multi-carrier CDMA communication apparatus according to claim 2, wherein said setting unit sets the code 
rate of error correction, based on an input signal power to interference power ratio transmitted from said receiver; 
and 

when there is no frequency spreading code to be allocated, at the time of setting the frequency spreading 
code and the time spreading code, said setting unit ensures an allocatable frequency spreading code by reducing 
the frequency spreading rate. 

5. The multi-carrier CDMA communication apparatus according to claim 2, wherein said setting unit sets the code 
rate of error correction, based on an input signal power to interference power ratio transmitted from said receiver; 
and 

when there is no frequency spreading code to be allocated, at the time of setting the frequency spreading 
code, said setting unit ensures an allocatable frequency spreading code by reducing the frequency spreading rate, 
and 
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hierarchical relationship between frequency spreading codes. 
Themufti-carrierCDMAcommunicationapparatusaccordingtoanyoneofciai^ 
unit comprising: 

path combining, by adding all the multiplication results. 
. Themum.carrierCD M A«,mmunicationapparatusaccordingtoanyoneofc.air^ 
unit comprising: 

TpS'Slg unH which adds a» ft. Ub^ntor 8 roup s,gn,ls corresponds to «ch path. <o thereby 
generate a sub-carrier group signal after path combining. 

9. Themufti-carrierCDMAcommun^ 
unit comprising: 

a freouencv despreading unit which performs frequency despreading in a unit of the j ^^"J^ 
:SSSSS detector which performs transmissfcn line es«ma«on ^^^^ J^S 

k,2wn sequence and divides the sub-carrier signal after weighting by the interference power; 

path combining, by adding all the multiplication results. 
10. Themum-carrierCDMAcommunicationapparatusaccordingtoanyoneofclaims1and2,saidsign 
unit comprising: 

a frequency despreading unit which performs frequency despreading in a unit of the sub-carrier signal; 

a mZSSSZZ detecL which performs transmission line estimation for each sub-earner signal after he 

frequenSlnverse conversion, based on the known sequence added to the data frame, calculates a complex 
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conjugate of the transmission line estimation results, weights the sub-carrier signal by the complex conjugate, 
estimates an interference power for each sub-carrier signal after the frequency inverse conversion based on 
the known sequence, and divides the sub-carrier signal after weighting by the interference power; 
a combining unit which generates a signal for the sub-carrier group by adding all the sub-carrier signals after 
s the synchronization detection; and 

a path combining unit which adds all the sub-carrier group signals corresponding to each path, to thereby 
generate a sub-carrier group signal after path combining. 

1 1 . A multi-carrier CDMA communication apparatus comprising a transmitter and a receiver which perform transfer of 
10 data, using a multi-carrier CDMA method, 

said transmitter having signal modulation units for the number of sub-carrier groups, which perform frequency 
spreading and time spreading for each sub-carrier signal of each channel constituting a sub-carrier group, based 
on a predetermined condition; and 

said receiver having signal demodulation units for the number of sub-carrier groups, which perform time 
15 despreading and frequency despreading for each sub-carrier signal. 

12. A multi-carrier CDMA communication apparatus comprising a transmitter and a receiver which perform transfer of 
data, using a multi-carrier CDMA method, 

said transmitter having 

20 a setting unit which sets a code rate of error correction, number of sub-carrier groups, frequency spreading 

rate, number of code multiplexes of frequency spreading code, frequency spreading code, time spreading rate, 
number of code multiplexes of time spreading code and time spreading code; 

signal modulation units for the number of sub-carrier groups which perform frequency spreading and time 
spreading for each sub-carrier signal of each channel constituting a sub-carrier group, based on the set conditions, 

25 and 

said receiver having signal demodulation units for the number of sub-carrier groups, which perform time 
despreading and frequency despreading for each sub-carrier signal. 

13. The multi-carrier CDMA communication apparatus according to any one of claims 11 and 12, said signal modulation 
30 unit comprising: 

a frame creatidn unit which creates data frames comprising a known sequence, frame information and data, 
for each sub-carrier group based on said conditions; 

a copy unit which generates data frames by the number of sub-carriers, by copying the data frame; 
35 an information modulation unit which performs modulation processing with respect to each of the data frame; 

a frequency spreading unit which performs frequency spreading with respect to each sub-carrier signal after 
modulation, based on said conditions; 

a power control unit which performs transmission power control with respect to each sub-carrier signal after 
the frequency spreading; and 

40 a time spreading unit which performs time spreading with respect to each sub-carrier signal after the frequency 

spreading. 

14. The multi-carrier CDMA communication apparatus according to claim 12, wherein said setting unit sets the code 
rate of error correction, based on an input signal power to interference power ratio transmitted from said receiver, 

45 and 

when there is no frequency spreading code nor time spreading code to be allocated, at the time of setting 
the frequency spreading code and the time spreading code, said setting unit ensures an allocatable frequency 
spreading code by reducing the frequency spreading rate. 

50 15. The multi-carrier CDMA communication apparatus according to claim 12, wherein said setting unit sets the code 
rate of error correction, based on an input signal power to interference power ratio transmitted from said receiver, 
and 

when there is no frequency spreading code nor time spreading code to be allocated, at the time of setting 
the frequency spreading code and the time spreading code, said setting unit ensures an allocatable frequency 
55 spreading code by reducing the frequency spreading rate, and 

even in this condition, when there is still no frequency spreading code nor time spreading code to be allocated, 
said setting unit ensures an allocatable frequency spreading code, by ensuring a plurality of frequency spreading 
codes in the same sub-carrier group. 
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10 



15 



20 



25 



B „ tn Haim 1 2 wherein said setting unit sets the code 

the frequency spreading code and the time spreading \Coa 

spreading code by reducing the frequency ^J**™"' read , ^ nortime spreading code to be allocated, 
eveninthiscondition.whenthere.sst.1^ of frequency sprea ding 

said setting unit ensures allocable frequency spreading code, by 

codes in the same sub-carrier group; and eadingcode nortime spreading code to be allocated, 

even in this condition, when there is st.ll no *^% 8 ^ ^ .p^ng code, by ensuring a pluralrty 
said setting unit ensures allocatable ^ 
of frequency spreading codes in the same sub-carrier group, 
spreading code. 

t , ■, 2 wherein said setting unit sets the code 
17. The murti-carrier CDMA Mmmun, ^ tlon ^^^.^Q^gf^^erfe^rence power ratio transmitted from the receiver, and 
rateof error correction, basedon an inputsignal P^ rto mte JSSng code to be allocated, at the time of setting 
when there is no frequency spreading code ^"^"Sina unit ensures an allocatable frequency 
the frequency spreading code and the time spreadmg cods. sa,d settmg 

spreading code by reducing the frequency J£^™ readi ^ norti me spreading codeto be allocated, 
said bV enSUr,n9 3 P,Ura,ttV " freqUenCY 

-re^aS^ 
18 . The multi-carrier COMA communication apparatus according to any o. 



ulation unit comprising: 
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35 



40 



45 



50 



55 



atirnedesoreadingun^ 

a frequency despreading unit which 1 ^^_^25maflon for each sub-carrier signal after the 

a synchronization detector which P*^£™£!£ Sed tothe dataframe, ca.cu.ates an absolute 
frequency inverse conversion, based on ^^"^.^^ resuKs , normalizes the complex conjugate 
value anda«,m P .ex<»n^ resuft , and outputs the absolute 

by the absolute value, weights the sub-carrier signa. y 

value and the sub-carrier signal ^^T^JS^SSlv^ by adding all the sub-carrier signals after 
a combining unit which generates a s,gnal ^J^^^l^ adding all the absolute values; and 
weighting, and combines an absolute value for the sub-carr»r grc "P* " n tn by the absolute 

TpatL^ 

value of the respectively corresponding sub-earner group, to mere y a 
path combining, by adding all the multiplication results. 

ulation unit comprising: 

a frequency despteading unit which perform. < ??^LjL n for eecb sub-earrier signal after the 

\ s^hrontorton detente, - ~J^«SSE££:SE M da» ham., caicua.es a comp** 

5S« unit whleb adds a,, the suborder group signals cdtrespondlng to each pafh, to mot*, 
generate a suboatrrer group signal after path odmbinmg. 
20. The mutti-cariler CDMA communication apparatus acoordlng to any one of claims 11 and 12, said signal demod- 
ulation unit comprising: 
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a time despreading unit which performs time despreading in a unit of the sub-carrier signal; 
a frequency despreading unit which performs frequency despreading in a unrt of the sub-earner s.gna. 
a synchronization detector which performs transmission line estimation for each sub-earner s,gnal after the 
frequency inverse conversion, based on the known sequence added to the data frame, calculates an absolute 
value an2 a complex conjugate of the transmission line estimation results, normahzes the comple x conjugate 
by the absolute value, weights the sub-carrier signal by the normalization result, and on the other hand, esti- 
mates an interference power for each sub-carrier signal after the frequency inverse converse based on the 
known sequence, and divides the sub-carrier signal after weighting by the interference power; 
a combining unit which generates a signal for the sub-carrier group by adding all the sub-earner *gnal after 
the synchronization detection, and generates an absolute value for the sub-earner group by add.ng all the 

fp^mbS^twh^ multiplies the sub-carrier group signal corresponding toeach path by the absolute 
vie of the respectfcely corresponding sub-carrier group, to thereby generate a sub-earner group s.gnal after 
path combining, by adding all the multiplication results. 

21. The multi-carrier CDMA communication apparatus according to any one of claims 11 and 12, said signal, demod- 
ulation unit comprising: 

a time despreading unit which performs time despreading in a unit of the sub-carrier signal; 

a frequency despreading unit which performs frequency despreading in a unrt of the sub-earner signal; 

a synchronization detector which performs transmission line estimation for each sub-earner signal after he 

frequency inverse conversion, based on the known sequence added to the data frame calculates a complex 

conjugated the transmission line estimation results, weights the sub-carrier signal by the complex conjugate 

and on the other hand, estimates an interference power for each suborner signal ^ e ! re ^^Z 

conversion basedonthe known sequence, and divides the sub-carriersignalafterwe.ght.ng by the interference 

a^mbining unit which generates a signal for the sub-carrier group by adding all the sub-carrier signals after 
the synchronization detection; and 

a path combining unit which adds all the sub-carrier group signals correspond.ng to each path, to thereby 
generate a sub-carrier group signal after path combining. 

22. Amulti-carrier CDMA transmitter which transmits data, using the multi-carrier CDMA method, said transmitter com- 
prising: 

signal modulation units for the number of sub-carrier groups, which perform frequency spreading for each sub- 
carrier signal of each channel constituting a sub-carrier group, based on a predeterm.ned condrt.on; and 
time spreading units for the number of sub-carrier groups, which multiplex all the signals after the modulation 
processing and the frequency spreading for each sub-carrier signal, and perform time spreading wrth respect 
to the multiplexed signals for each sub-carrier signal. 

23. A multi-carrier CDMA transmitter which transmits data, using the multi-carrier CDMA method, said transmitter 
comprising: 

a setting unit which sets a code rate of error correction, number of sub-carrier groups, frequency spreading 
rate, number of code multiplexes of frequency spreading code, frequency spreading code, time spreading 
rate number of code multiplexes of time spreading code and time spreading code; 

signal modulation units for the number of sub-carrier groups which perform frequency spreading for each sub- 
carrier signal of each channel constituting a sub-carrier group, based on the set conditions; and 
time spreading units for the number of sub-carrier groups, which multiplex all the signals after the modulation 
processing and the frequency spreading for each sub-carrier signal, and perform time spreading with respect 
to the multiplexed signals for each sub-carrier signal. 

24. A multi-carrier CDMA transmitter which transmits data, using the multi-carrier CDMA method, said transmitter 
comprising: 

signal modulation units for the number of sub-carrier groups, which perform frequency spreading and time 
spreading for each sub-carrier signal of each channel constituting a sub-carrier group, based on a predeter- 
mined condition. 
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25. A multi-carrier CDMA transmitter which transmits data, using the multi-carrier CDMA method, said transmitter 



comprising: 



a ^ttinn unit which sets a code rate of error correction, number of sub-carrier groups, frequency spreading 
^?^?£^w£~ of frequency spreading code, frequency spreading code, time spreading 
rate' number of code multiplexes of time spreading code and time spreading code; 

^Zdulaflon units for the number of sub-carrier groups which perform frequency spreading and time 
52£^2^ signal of each channel constituting a suborner group, based on the set con- 



ditions. 



26. Amu«i-carrierCDMAreceiverwhich receives data.using the multi-carrierCDMA method, said receiver comprising: 

time despreading units for the number of sub-carrier groups, which perform time despreading for each sub- 
sfgn^ 

sub-carrier signal after the time despreading. 

27. A mum-carrier CDMA receiver which receives data, using the multi-carrier CDMA method, said receiver comprising: 

signal demodulation unitsforthe number of sub^arrier groups, which perform time despreading and frequency 
despreading for each suborrier signal. 
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